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Abstract This study includes of syntheses and charac-
teristics functionalized single-walled carbon nanotubes
(SWCNTs) with amide group using thionyl chloride and
NH3. First SWCNTs in H2SO4 and HNO3, solved and the
solution obtained ultrasound was to reach the equilibrium
temperature to functionalization of carboxylate single-
walled carbon nanotubes (SWCNT-COOH). Then using
thionyl chloride with (SOCl2) and DMF the mixture was
refluxing. SWCNT-COCl was obtained from the previous
step with ammonia (NH3), and DMF as solvent, and the
mixture was refluxing. The black solid obtained was placed
overnight in the oven to dry. Carbon nanotubes were
expected at this stage to have a functional group CONH2.
All new chemical bonding products were identified by FT-
IR and observations using scanning electron microscopy
(SEM) were confirmed. SWCNT-COOH functionalized
carbon nanotubes have a relatively smooth surface and thin
Stowe and the SEM image of the SWCNT-NH2; a thin
layer of hope is clearly placed on the surface of SWCNT-
COOH and its diameter is increased.
Keywords Single-walled carbon nanotubes (SWCNTs) 
Amide  Chemical modified
Introduction
Grafit, diamond, opals and carbon nanotubes (CNTs) are
diverse feature of carbons but the word Nanotubes usually
signifies carbon nanotubes that have attracted worldwide
attention [1].
Carbon nanotubes (CNTs) are new [2]. From the time of
their discovery in 1991 by Sami Iijima [3, 4], (CNTs)
Carbon nanotubes have attracted much attention due to
specific characteristics such as [3, 5, 6], thermal [7],
mechanical, optical and chemical properties [3, 5, 6].
However, its poor solubility in many solvents and
chemicals and weakened biocompatibility greatly hinder
CNT applications in actual systems [8–12]. Carbon nano-
tubes (CNTs) are of two types: single-walled (SWCNTs)
and multi-walled (MWCNTs) [13]. Se espera que los na-
notubos quı´micamente funcional izado pared lateral para
agregar nuevas funciones a su comportamiento original.
[14, 15]. Also, Oxidation of the nanotubes has been widely
reported [16–26]. Because of a weak solubilised inorganic
solvents water and solvents, SWNTs oxygen possessing
carboxyl acid moieties as the starting materials for func-
tionalized substrates have been used in many studies [14].
That means that these procedures of correction of short-
comings of in SWNTs are considered heavy [15]. Epoxy
resins are well established as thermosetting matrices of
advanced nanocomposites, displaying a series of promising
characteristics for a wide range of application [27–30].
During the oxidation of the surface features, new func-
tional groups (e.g., COOH, COCl, CNH2) change [16–26].
Functionalization of Carbon nanotubes to the other
molecules was only be achieved to the solution problems
which was the lack of interfacial adhesion and critical for
load to the transfer in the nanocomposites [31–39]. The
conventional method to functionalize Carbon nanotubes
with functionalization groups amino was generally a
complicated process involving much reaction time, toxic
materials such as SOCl2, and strictly controlled reaction
conditions [40–42]. The using of amino group involved
R. Abjameh (&)  O. Moradi  J. Amani




Int Nano Lett (2014) 4:97
DOI 10.1007/s40089-014-0097-4
reaction of the specific characteristics of the amino groups
[5, 43]. Carboxylic acid groups and amino groups played a
major role in the functional adaptation, cell tend, peptide
synthesis, and ammonia games, sometimes in combination
with other gases, which is often considered an effective
precursor employing amine functionality on carbon and
other materials, increasing their hydrophobicity and bio-
compatibility [43–48]. The using this date and reported
with functionalization groups amino on the surface of
carbon nanotubes were to limited due to the relatively
difficulty of the modification. Some research studies have
exploited an approach to obtain the sidewall amino-modi-
fied single-walled carbon nanotubes (SWNTs) through
fluorination and subsequent reactions with terminal dia-
mines [49]. Also hans be reported a three-step amino-
modification process involving the formation of chloroan-
hydrid from carboxylic [50], amidation using the Hofmann
rearrangement of carboxylic acid amides [51, 52].
In particular, the role of amino features to build complex
structures with a combination of other functional groups
comes in to play. To date, chemical modification of CNTs
surfaces with amino substituents has been studied by the
use of ammonia with ball-milling method [53] and sub-
stitution of fluorinated SWNTs with diamines [54]. In this
research, for preparation of nanocomposite SWCNTs-
CONH2, first SWCNTs were functionalized; then they
were reacted with NH3 and reflux process.
Materials and methods
Materials
SWCNTs 79 (purity [95 %, diameter 1–2 nm, length
5–30 nm surface area 400 m2/g) and manufacturing
method, catalytic chemical vapor deposition (CVD) was
purchased from NanoAmor Nanostructured & Amorphous
Materials, Inc. (USA). Ammoniaque 25 % with a molec-
ular weight of 17.03, was purchased from Merck KGaA
and used. All solutions were prepared with deviations of
\0.1 % from the desired concentrations. All supplemen-
tary chemicals were of analytical grade and all solution
mixed by deionized water. Their concentrations were
measured using UV-2550 UV–visible spectrophotometry
(SHIMADZU, Japan).
Synthesis of SWCNT-COOH
QueryThe amount of 1 g SWCNTs in 20 ml H2SO4, 98 %
and 20 mL HNO3, 70 % will solve the solution obtained;
the ultrasound took 3 h to reach the equilibrium tempera-
ture. After Sonic the substances dissolved in deionized
water were added and the pH was measured. As far as pH
SWCNT’s, dissolved in deionized water to reach pH (i.e.,
pH 7). SWCNTs, filtered and the filter that was placed
overnight a vacuum for dry. The carbon nanotubes used in
this step is a functional group COOH.
Synthesis of SWCNT-COCl
SWCNT-COOH obtained from the previous step thionyl
chloride with 280 ml (SOCl2) and 3 ml of DMF and the
mixture was refluxing at 60 C for 52 h. After refluxing
and cooling the mixture at room temperature with a solu-
tion containing DMF, THF and ethanol and rinsed then was
filtered. The black solid obtained was for 1 day in the oven
to dry. The carbon nanotubes used in this step is a func-
tional group COCl.
Synthesis of SWCNT-CONH2
SWCNT-COCl obtained from the previous step with
100 ml of ammonia (NH3), 25 % and 20 ml of DMF, and
the mixture was refluxing at 75 C for 96 h. After refluxing
and cooling the mixture at room temperature with a solu-
tion containing DMF, THF and washed with ethanol and
then filtered. The black solid obtained was placed overnight
in the oven to dry. Carbon nanotubes are expected at this
stage has a functional group CONH2 (see Fig. 1 for reac-
tion scheme).
Results and discussion
Characteristics of functionalized carbon nanotube
To study the functional groups, the SWCNT samples were
characterized by FTIR spectroscopy. Also, a morphology
study of the functionalized SWCNTs was conducted using
SEM [55].
Fourier transforms infrared spectroscopy studies
The FT-IR spectroscopy studies provide clear evidence for
the functionalization of the carbon nanotubes [56]. FTIR
spectroscopy studies were used to identify the chemical
groups that were attached to SWCNTs.
In the FTIR measurement, the amount of carbon nano-
tubes added to KBr must be strictly controlled since the
black carbon nanotubes absorb infrared rays [57]. Pure
nanotube moderate or strong absorption in the region of
1,450–1,650 cm-1 often represents an aromatic ring. The
bands at 1,600–1,660 demonstrated C–H stretching
absorption peak [58].
The FT-IR spectra showed Fig. 2. Absorption bands
in the range 3,000–3,500 cm-1 (3,440) related to
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presence of the hydroxyl group (O–H Tensional vibra-
tion) were observed on the surface of oxidized
SWCNTs, which may be caused due to either ambient
moisture or purification initial SWCNTs. The presence
of carbonyl group C=O confirmed the peaks around
1,737 cm-1 (C=O stretching) and peaks around
1,311 cm-1 related to (C–O stretching vibration) of the
–COOH carboxylic acid group (Fig. 1a). This result
clearly showed presence of carboxylic acid groups on
the surface of oxidized SWCNTs [59].
The converting of the carboxylic acid groups (SWCNT-
COOH) into the acyl chloride inter-mediates (SWCNT-
COCl) by treatment with thionyl chloride was confirmed
by the appearance of peak near 1,778 cm-1 stretching
incurve [60].
The broad band in 1,630–1,380 cm-1, is due to the
(C=O stretch) of the amide and peaks at 3,180, 3,480 and
1,640 cm-1 for NH (N–H Tensional) of amid group. A
sharp peak 1,098 cm-1 was attributed to (C–N) amines
[59].
Scanning electron microscopy (SEM)
To investigate the effect of different factors SEM obser-
vations were carried out SWCNT-NH2. Morphology, dis-
tribution and orientation of the SWCNT-NH2 with SEM
were studied.
To study the surface morphology of the samples, plates
and Share nanocomposites prepared by hot-pressing were
broken in liquid nitrogen. Then sample was covered with a
thin layer of gold using SEM study.
The difference in dispersion and adhesion can be clearly
seen. SEM image of the SWCNT surface was smooth and
uniform, and the SEM image of SWCNT-COOH was
observed. Carbon nanotubes have been found that the
surface was relatively smooth and thin, and the SEM image
of the SWCNT-NH, a thin layer of organic compounds
(amide) is clearly on the surface of SWCNT-COOH
(thicker part) has been its diameter was increased.
Conclusion
In this research, we have dealt successfully introduced
into the NH2 in nanotubes. Structural analysis FT-IR
and SEM image of the SWCNT surface is smooth and
uniform, and the SEM image of SWCNT-COOH was
observed that the surface of carbon nanotubes is a sig-
nificant factor in the relatively flat and thin and the
Fig. 1 Reaction scheme for functionalization
Fig. 2 FTIR spectra for a pure SWCNT, b SWCNT-COOH,
c SWCNT-COCl and d SWCNT-NH2 functionalized
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SEM image of the SWCNT-NH2, a thin layer of organic
compounds (amide) is clearly on the surface of
SWCNT-COOH (thicker part) has been increased in
diameter. The SEM images of the carbon nanotubes,
thus having to confirm.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
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References
1. Yang, Z.-L., Chen, H.-Z., Cao, L., Li, H.-Y., Wang, M.: Synthesis
and photoconductivity study of carbon nanotube bonded by tet-
rasubstituted amino manganese phthalocyanine. Mater. Sci. Eng.
B106, 73–78 (2004)
2. Singhal, S.K., Pasricha, R., Jangra, M., Chahal, R., Teotia, S.,
Mathur, R.B.: Carbon nanotubes: amino functionalization and its
application in the fabrication of Al-matrix composites. Powder
Technol. 215–216, 254–263 (2012)
3. Iijima, S.: Helical microtubules of graphitic carbon. Nature 354,
56–58 (1991)
4. Li, Y., Zhao, Y., Zhang, Z., Xu, Y.: Amino-functionalized carbon
nanotubes as nucleophilic scavengers in solution phase combi-
natorial synthesis. Tetrahedron Lett. 51, 1434–1436 (2010)
5. Vukovi´, G.D., Marinkovi´, A.D.,ˇ Skapin, S.D., Risti´, M.D., Aleksi´,
R., Peri´c-Gruji´, A.A., Uskokovi´, P.S.: Removal of lead from
water by amino modified multi-walled carbon nanotubes. Chem.
Eng. J 173, 855–865 (2011)
6. Chen, Y., Gu, H.: Microwave assisted fast fabrication of Fe3O4-
MWCNTs nanocomposites and their, application as MRI contrast
agents. Mater. Lett. 67, 49–51 (2012)
7. Zhang, K., Lim, J.Y., Choi, H.J.: Amino functionalization and
characteristics of multi-walled carbon nanotube/poly(methyl
methacrylate) nanocomposite. Diam. Relat. Mater. 18, 316–318
(2009)
8. Chen, C., Liang, B., Lu, D., Ogino, A., Wang, X., Nagatsu, M.:
Amino group introduction onto multiwall carbon nanotubes by
NH3/Ar plasma treatment. Carbon 48, 939–948 (2010)
9. Qin, S., Qin, D., Ford, W.T., Resasco, D.E., Herrera, J.E.:
Polymer brushes on single-walled carbon nanotubes by atom
transfer radical polymerization of n-butyl methacrylate. J. Am.
Chem. Soc. 126, 170–176 (2004)
10. Coleman, J.N., Khan, U., Ryan, K., Blau, W.J., Gun’ko, W.J.:
Small but strong: a review of the mechanical properties of carbon
nanotube–polymer composites. Carbon 44, 1624–1652 (2006)
11. Cadek, M., Coleman, J.N., Ryan, K.P., Nicolosi, V., Bister, G.,
Fonseca, A., et al.: Reinforcement of polymers with carbon
nanotubes: the role of nanotube surface area. Nano Lett. 4,
353–356 (2004)
12. Tseng, C.H., Wang, C.C., Chen, C.Y.: Functionalizing carbon
nanotubes by plasma modification for the preparation of covalent-
integrated epoxy composites. Chem. Mater. 19, 308–315 (2007)
13. Eo, S.-M., Oh, S.-J., Tan, L.-S., Baek, J.-B.: Poly(2,5 benzox-
azole)/carbon nanotube composites via in situ polymerization of
3-amino-4-hydroxybenzoic acid hydrochloride in a mild
poly(phosphoric acid). Eur. Polym. J. 44, 1603–1612 (2008)
14. Nakamura, T., Ohana, T., Ishihara, M., Hasegawa, M., Koga, Y.:
Photochemical modification of single-walled carbon nanotubes
with amino functionalities and their metal nanoparticles attach-
ment. Diam. Relat. Mater. 17, 559–562 (2008)
Fig. 3 SEM images of SWCNT functionalization. a SEM images of
SWCNTS, b SEM images of SWCNT-COOH, c SEM images of
SWCNT-CONH2
97 Page 4 of 6 Int Nano Lett (2014) 4:97
123
15. Duan, J., Liu, R., Chen, T., Zhang, B., Liu, J.: Halloysite nano-
tube-Fe3O4 composite for removal of methyl violet from aqueous
solutions. Desalination 293, 46–52 (2012)
16. Theodore, M., Hosur, M., Thomas, J., Jeelani, Jeelani Influence
of functionalization on properties of MWCNT–epoxy nanocom-
posites: Influence of functionalization on properties of MWCNT–
epoxy nanocomposites. Mater. Sci. Eng. A 528, 1192–1200
(2011)
17. Datsyuk, V., Kalyva, M., Papagelis, K., Parthenios, J., Tasis, D.,
Siokou, A., Kallitsisa, I., Galioti, C.: Chemical oxidation of
multi-walled carbon nanotubes. Carbon 46, 833–840 (2008)
18. Murugesan, S., Myers, K., Subramanian, V.R.: Amino-function-
alized and acid treated multi-walled carbon nanotubes as supports
for electrochemical oxidation of formic acid. Appl. Catal. B 103,
266–274 (2011)
19. Dong, S., Zhang, S., Chi, L., He, P., Wang, Q.: Electrochemical
behaviors of amino acids at multiwall carbon nanotubes and
Cu2O modified carbon paste electrode. Anal. Biochem. 381,
199–204 (2008)
20. Zardini, H.Z., Amiri, A., Shanbedi, M., Maghrebi, M., Baniadam,
M.: Enhanced antibacterial activity of amino acids-functionalized
multi walled carbon nanotubes by a simple method. Colloids
Surf. B Biointerfaces 92, 196–202 (2012)
21. Ganji, M.D., Bakhshandeh, A.: Functionalized single-walled
carbon nanotubes interacting with glycine amino acid: DFT
study. Phys. B 406, 4453–4459 (2011)
22. Yen, S.-J., Hsu, W.-L., Chen, Y.-C., Su, H.-C., Chang, Y.-C.,
Chen, H., Yeh, S.-R., Yewa, T.-R.: The enhancement of neural
growth by amino-functionalization on carbon nanotubes as a
neural electrode. Biosens. Bioelectron. 26, 4124–4132 (2011)
23. Deng, J., Wen, X., Wang, Q.: Solvothermal in situ synthesis of
Fe3O4-multi-walled carbon nanotubes with enhanced heteroge-
neous Fenton-like activity. Mater. Res. Bull. 47, 3369–3376
(2012)
24. Li, X., Chen, S., Li, L., Quan, X., Zhao, H.: Electrochemically
enhanced adsorption of nonylphenol on carbon nanotubes:
kinetics and isotherms study. J. Colloid Interface Sci. 415,
159–164 (2014)
25. Aguayo-Villarreal, I.A., Herna´ndez-Montoya, V., Bonilla-Pe-
triciolet, A., Tovar-Go´mez, R., Ramı´rez-Lo´pez, E.M., Montes-
Mora´n, M.A.: Role of acid blue 25 dye as active site for the
adsorption of Cd2? and Zn2? using activated carbons. Dyes
Pigm. 96, 459–466 (2013)
26. Bandaru, N.M., Reta, N., Dalal, H., Ellis, A.V., Shapter, J., Vo-
elcker, N.H.: Enhanced adsorption of mercury ions on thiol
derivatized single wall carbon nanotubes. J. Hazard. Mater. 261,
534–541 (2013)
27. Chen, X., Wang, J., Lin, M., Zhong, W., Feng, T., Chen, X., Chen,
J., Xue, F.: Mechanical and thermal properties of epoxy nano-
composites reinforced with amino-functionalized multi-walled
carbon nanotubes. Mater. Sci. Eng. A 492, 236–242 (2008)
28. Liu, Y.-L., Chen, W.-H., Chang, Y.-H.: Preparation and proper-
ties of chitosan/carbon nanotube nanocomposites using
poly(styrene sulfonic acid)-modified CNTs. Carbohydr. Polym.
76, 232–238 (2009)
29. Wanga, Q., Zhang, B., Lin, X., Weng, W.: Hybridization biosensor
based on the covalent immobilization of probe DNA on chitosan-
mutiwalled carbon nanotubes nanocomposite by using glutaralde-
hyde as an arm linker. Sens. Actuators B 156, 599–605 (2011)
30. Mazov, I.N., Ilinykh, I.A., Kuznetsov, V.L., Stepashkin, A.A.,
Ergin, K.S., Muratov, D.S., Tcherdyntsev, V.V., Kuznetsov,
D.V., Issi, J.-P.: Thermal conductivity of polypropylene-based
composites with multiwall carbon nanotubes with different
diameter and morphology. J. Alloy. Compd. 586, S440–S442
(2014)
31. Huang, J., Rodrigue, D.: The effect of carbon nanotube orienta-
tion and content on the mechanical properties of polypropylene
based composites. Mater. Des. 55, 653–663 (2014)
32. Hollerer, S.: Numerical validation of a concurrent atomistic-
continuum multiscale method and its application to the buckling
analysis of carbon nanotubes. Comput. Methods Appl. Mech.
Eng. 270, 220–246 (2014)
33. Mohammadi, M., Khoshnevisan, B.: Doping effects of Co on
exo-hydrogenated narrow single-walled carbon nanotubes.
Hydrogen Energy 39, 2087–2092 (2014)
34. Ling, X., Wei, Y., Xu, S., Zou, L.: Molecular dynamics simula-
tions of thermal conductivity of carbon nanotubes: resolving the
effects of computational parameters. Heat Mass Transf. 70,
954–964 (2014)
35. Ji, X.-T., Ge, Z.-X., Bu, J.-H., Liu, Q., Wang, W., Xu, C.: Azide
functionalization of carbon nanotubes by electrochemical oxida-
tion of N3--- in situ. Chin. Chem. Lett. 25, 292–294 (2014)
36. Das, R., Ali, M.E., Hamid, S.B.A., Ramakrishna, S., Chowdhury,
Z.Z.: Carbon nanotube membranes for water purification: a bright
future in water desalination. Desalination 336, 97–109 (2014)
37. Khan, A., Asiri, A.M., Khan, A.A.P., Rub, M.A., Azum, N.,
Rahman, M.M., Al-Youbi, A.O., Qusti, A.H.: Dual nature, self
oxidized poly(o-anisidine) functionalized multiwall carbon
nanotubes composite: preparation, thermal and electrical studies.
Compos. Part B Eng. 58, 451–456 (2014)
38. Mukherjee, S., Kundu, B., Sen, S., Chanda, A.: Improved prop-
erties of hydroxyapatite–carbon nanotube biocomposite:
mechanical, in vitro bioactivity and biological studies. Ceram.
Int. 40, 5635–5643 (2014)
39. Sheng, S., Zhang, L., Chen, G.: Determination of 5,7-di-
hydroxychromone and luteolin in peanut hulls by capillary
electrophoresis with a multiwall carbon nanotube/poly (ethylene
terephthalate) composite electrode. Food Chem. 145, 555–561
(2014)
40. Mahapatra, S.S., Yadav, S.K., Yoo, H.J., Ramasamy, M.S., Cho,
J.W.: Tailored and strong electro-responsive shape memory
actuation in carbon nanotube-reinforced hyperbranched polyure-
thane composites. Sens. Actuators B 193, 384–390 (2014)
41. Mendoza, O., Sierra, G., Tobo´n, J.I.: Effect of the reagglomera-
tion process of multi-walled carbon nanotubes dispersions on the
early activity of nanosilica in cement composites. Constr. Build.
Mater. 54, 550–557 (2014)
42. Kaur, R., Paul, A.K., Deep, A.: Conjugation of chlorinated carbon
nanotubes with quantum dots for electronic applications. Mater.
Lett. 117, 165–167 (2014)
43. Das, D., Satapathy, B.K.: Designing tough and fracture resistant
polypropylene/multi wall carbon nanotubes nanocomposites by
controlling stereo-complexity and dispersion morphology. Mater.
Des. 54, 712–726 (2014)
44. DeValve, C., Pitchumani, R.: Analysis of vibration damping in a
rotating composite beam with embedded carbon nanotubes.
Compos. Struct. 110, 289–296 (2014)
45. Moaseri, E., Karimi, M., Maghrebi, M., Baniadam, M.: Two-fold
enhancement in tensile strength of carbon nanotube–carbon fiber
hybrid epoxy composites through combination of electrophoretic
deposition and alternating electric field. Solids Struct. 51,
774–785 (2014)
46. Dong, S., Zhou, J., Hui, D., Pang, X., Wang, Q., Zhang, S., Wang,
L.: Interaction between edge dislocations and amorphous interphase
in carbon nanotubes reinforced metal matrix nanocomposites
incorporating interface effect. Solids Struct. 51, 1149–1163 (2014)
47. Shazed, M.A., Suraya, A.R., Rahmanian, S., Mohd Salleh, M.A.:
Effect of fibre coating and geometry on the tensile properties of
hybrid carbon nanotube coated carbon fibre reinforced composite.
Mater. Des. 54, 660–669 (2014)
Int Nano Lett (2014) 4:97 Page 5 of 6 97
123
48. Ghaedi, M., Mokhtari, P., Montazerozohori, M., Asghari, A.,
Soylak, M.: Multiwalled Carbon nanotube impregnated with
bis(5-bromosalicylidene)-1,3-propandiamine for enrichment of
Pb2? ion. Eng. Chem. 20, 638–643 (2014)
49. Yang, B., Yang, Z., Zhao, Z., Hu, Y., Li, J.: The assembly of
carbon nanotubes by dielectrophoresis: insights into the dielec-
trophoretic nanotube nanotube interactions. Phys. E 56, 117–122
(2014)
50. Shah, P.H., Batra, R.C.: In-plane elastic moduli of covalently
functionalized single-wall carbon nanotubes. Comput. Mater. Sci.
83, 349–361 (2014)
51. Olney, D., Fuller, L., Santhanam, K.S.V.: A greenhouse gas sil-
icon microchip sensor using a conducting composite with single
walled carbon nanotubes. Sens. Actuators B 191, 545–552 (2014)
52. Huang, Y., Yuan, Y., Zhou, Z., Liang, J., Chen, Z., Li, G.:
Optimization and evaluation of chelerythrine nanoparticles
composed of magnetic multiwalled carbon nanotubes by response
surface methodology. Appl. Surf. Sci. 292, 378–386 (2014)
53. Fan, X., Restivo, J., O´rfa˜o, J.J.M., Pereira, M.F.R., Lapkin, A.A.:
The role of multiwalled carbon nanotubes (MWCNTs) in the
catalytic ozonation of atrazine. Chem. Eng. J 241, 66–76 (2014)
54. Machado, S.M., Pacheco-Soares, C., Marciano, F.R., Lobo, A.O.,
da Silva, N.S.: Photodynamic therapy in the cattle protozoan
Tritrichomonas foetus cultivated on superhydrophilic carbon
nanotube. Mater. Sci. Eng. C 36, 180–186 (2014)
55. Siu, K.S., Chen, D., Zheng, X., Zhang, X., Johnston, N., Liu, Y.,
Yuan, K., Koropatnick, J., Gillies, E.R., Min, W.-P.: Non-cova-
lently functionalized single-walled carbon nanotube for topical
siRNA delivery into melanoma. Biomaterials 35, 3435–3442
(2014)
56. Tasaltin, C., Basarir, F.: Preparation of flexible VOC sensor based
on carbon nanotubes and gold nanoparticles. Sens. Actuators B
194, 173–179 (2014)
57. Cabaniss, S.E.: Forward modeling of metal complexation by
NOM. II. Prediction of binding site properties. Environ. Sci.
Technol. 45, 3202–3209 (2011)
58. Madrakian, T., Haghshenas, E., Afkhami, A.: Simultaneous
determination of tyrosine, acetaminophen and ascorbic acid using
gold nanoparticles/multiwalled carbon nanotube/glassy carbon
electrode by differential pulse voltammetric method. Sens.
Actuators B 193, 451–460 (2014)
59. Derakhshan, M.S., Moradi, O.: The study of thermodynamics and
kinetics methyl orange and malachite green by SWCNTs, SWCNT-
COOH and SWCNT-NH2 as adsorbents from aqueous solution.
J. Ind. Eng. Chem. (2013). doi:10.1016/j.jiec.2013.11.064
60. Veisi, H., Khazaei, A., Safaei, M., Kordestani, D.: Synthesis of
biguanide-functionalized single-walled carbon nanotubes
(SWCNTs) hybrid materials to immobilized palladium asnew
recyclable heterogeneous nanocatalyst for Suzuki–Miyaura cou-
pling reaction’’. J. Mol. Catal. A Chem. 382, 106–113 (2014)
97 Page 6 of 6 Int Nano Lett (2014) 4:97
123
